The field experiments were conducted during the summer (pre-monsoon) seasons of 2008-2009 and 2009-2010 at Sunnhemp Research Station, CRIJAF-ICAR, Pratapgarh, U.P., India to assess the feasibility of sunnhemp cultivation for fibre purpose during summer season after harvest of wheat crop. The experiments were laid out in randomized block design. The data from different experiments indicated that sowing of sunnhemp crop for fibre purpose during 2 nd fortnight of April at the spacing of 15cm x 10cm and harvesting at 90 days after sowing recorded higher fibre yield. The summer season crop escaped from the attack of most of the insect pest besides allowing time for the transplanting of rice crop also. The results indicated that sunnhemp could be easily accommodated in prevailing rice-wheat cropping system during summer season.
Introduction
Crotalaria juncea L. belongs to Fabaceae family widely distributed in the tropical and subtropical regions of India, Nepal, Sri Lanka and Southern Africa. It is commonly known as Sunhemp or Indian hemp (Kirtikar & Basu, 1999) . It is one of the oldest known fibre crops which produces white strong bast fibre from its bark having greater tensile strength and is more durable under exposure than jute. The fibre has high cellulose content, low lignin and negligible ash. It has been identified as the most suitable indigenous raw material for manufacturing of high quality tissue paper, cigarette paper and paper for currency (Chawla et al., 1967) . In India traditionally it is used for making ropes, twines, net, handmade paper, tat-patties and canvas (Tripathi et al., 2012) . It is also grown for green manuring (Sarkar & Ghoroi, 2007) and fodder purposes. It is used as a medicine, edible and culinary purpose by many tribal communities (Chopra et al., 1956) . It is used as blood purifier, abortificient, astringent, demulcent, emetic, purgative and in the treatment of anaemia, impetigo, menorrhagia and psoriasis (Bhatt et al., 2009 ). The crop suppresses weeds, reduces soil erosion and controls root knot nematode populations (Rotar & Joy, 1983) . The crop is traditionally grown during kharif season with the onset of monsoon. But with the advent of green revolution, the acreage under sunnhemp crop reduced drastically and shifted towards irrigated transplanted kharif (monsoon season) rice crop due to various reasons. The sunnhemp could not compete with the rice crop and thus rice-wheat cropping system occupied most of the traditional areas of sunnhemp. The importance of natural fibre is again getting momentum and thus there is urgent need to accommodate the sunnhemp crop in prevailing rice-wheat cropping system. In northern India a large acreage of cultivated land lying fallow during summer (pre-monsoon) season after harvest of wheat crop could be utilized for sunnhemp cultivation. Inclusion of sunnhemp in rice-wheat cropping system not only increases the system productivity but increase soil fertility too. Keeping these points in view, the present investigation was undertaken to assess the performance of sunnhemp cultivation for fibre purpose during summer (pre-monsoon) season fallow after harvest of wheat crop.
Materials and Methods
were laid out in randomized block design. Total four numbers of experiments were conducted using different treatments (Tables 1-4 ). The recommended dose of NPK for sunnhemp was 20:40:20 kg/ha. The sources of nitrogenous, phosphatic and potassic fertilizers were urea, single super phosphate and muriate of potash, respectively and were applied at the time of sowing as basal dose. The seed was treated with carbendazim as per treatment and dried in shade before sowing in experiment-4. The sunnhemp variety SH-4 was sown in line with a row to row spacing of 20 cm except in experiment-2 where it was sown as per treatment. All the experiments were sown during 2 nd fortnight of April during both the years except experiment-1, which was sown as per treatment. The thinning operation was carried out during 10-15 days of sowing to maintain a plant to plant spacing of 5-7 cm except in experiment-2 where it was maintained according to treatment. Need based irrigation was applied to the crop. The spraying of plant protection chemical was done as per treatment in experiment-4. The matured crop was harvested after 90 days of sowing except in experiment-3 where the crop was harvested as per treatment. The upper tender portions (25 cm) of the harvested plants were cut and removed after that remaining plants were tied in small bundles of about 30 cm diameter. The bundles were immersed horizontally in the water of the retting tank. Bamboo and wooden logs were used for proper immersion of the bundles so that at least 10 cm of water remains on them. After completion of retting which takes 4-5 days, fibre was extracted manually, washed in fresh water, sundried and dry weight was recorded. The same procedure was followed during second year also. The statistical analyses of the experimental data were carried out using STPR (GBPUAT, Pantnagar, Uttara Khand, India). 
Results and Discussion

Experiment-1
Plant Height
Significant variations were observed in plant height of sunnhemp due to different dates of sowing during both the years (Table 5 ). The data revealed that highest plant height (244.8 cm) was associated with the sowing of crop on 16 th April whereas it was smallest with the sowing of crop on 30 th June which coincides with the onset of monsoon. Delayed sowing caused significant reduction in plant height. It was also clear from the data that crop sown on 16 
Basal Diameter
The data recorded over two years of experimentation showed that date of sowing had a significant effect on basal diameter (Table 5 ). The results revealed that basal diameter increased under the influence of early sowing and decreased continuously with delay in sowing time. The maximum basal diameter was recorded in the crop sown on 16 th April followed by the crop sown on 1 st May. The minimum basal diameter was observed under the influence of sowing on 30 th June means sowing with the onset of monsoon. The increment in basal diameter of the crop sown on 16
th April was 76.3 and 61.3% over 30 th June sown crop during first and second year, respectively. The increase in basal diameter under the effect of early sowing might be due to better growth and development of crops in presence of long sunshine days and thus more photosynthesis. These findings corroborate with Chaudhary et al. (2007) .
Green Biomass
Green biomass of sunnhemp was influenced significantly due to various dates of sowing (Table 5 ). The result based on two years data clearly indicated that the green biomass increased due to early sowing. The maximum Vol. 5, No. 3; 2013 green biomass was recorded in crop sown on 16 th April followed by the crop sown on 1 st May during both the years. The green biomass declined rapidly with delay in sowing and was minimum under the effect of 30 th June sown crop. The green biomass yield of sunnhemp reduced more than three times in the crop sown with the onset of monsoon (30 th June) compared to crop sown on 16 th April. The increase in green biomass may be due to increase in plant height, basal diameter and overall growth and development of crop in the presence of long sunshine hours, controlled irrigation, better nutrient and crop management practices during early sown crop. These results are in conformity with the findings of Chaudhary et al. (2007) .
Fibre and Stick Yield
The fibre and stick yield was significantly influenced by dates of sowing (Table 5 ). The result of two years experimental data showed that fibre yield increased under the influence of early sowing and declined continuously with delayed sowing. The highest fibre yield (10.1 q/ha) was noted in the crop sown on 16
th April being at par with the crop sown on 1 st May during first year while 16 th May during second year. The lowest yield of fibre (2.7 q/ha) was recorded in the crop sown on 30 th June during both the years. The fibre yield of sunnhemp sown on 16 th April was 3 to 4 times higher over the yield of crop obtained with the sowing on 30 th June during both the years. The low fibre yield of the crop sown on 1 st April was due to the shorter day length which caused an early floral induction and branching that strongly reduced stem and fibre elongation, and thus aboveground dry biomass and consequently fibre yields whereas in case of delayed sowing it was due to poor growth and development. The crop sown during the month of June was heavily infested by various insects-pests and diseases leading to sharp decline in fibre yield. The increment in fibre yield of sunnhemp sown early during summer season might be due to cumulative effect of better plant height, more basal diameter and more green biomass. The similar trend was observed in stick yield also during both the years. These results are on par with the findings of Pradhan et al. (1999) , Chaudhury et al. (2007) and Cosentino et al. (2012) .
Experiment-2
Plant Height
The effect of planting geometry on plant height was observed significant during both the years (Table 6 ). The analysed data of two years indicated that plant height increased with increase in row to row and plant to plant spacing. The highest plant height was recorded under the spacing of 20 cm x 10 cm closely followed by 25 cm x 10 cm. The plant height decreased under lower spacing and was minimum under 15 cm x 5 cm spacing. The narrower spacing might have led to intense competition among plants because of population higher than the optimum. The height of plant under broadcasting method of sowing was also low. The better plant height of sunnhemp under 20 cm x 10 cm of spacing might be due to the availability of more space per plant ultimately more solar radiation , more nutrient and more moisture per plant. This is in conformity to the results of Grabowska and Koziara (2005) . 
Basal Diameter
The basal diameter of the plants indicated significant variation due to different spacing (Table 6 ). On the basis of two years data it was clear that basal diameter increased with increase in row to row and plant to plant spacing. The maximum basal diameter was recorded under the spacing of 20 cm x 10 cm being at par with the basal diameter of plants under 25 cm x 10 cm spacing. The wider intra-row spacing between the plants enhanced the uptake of nutrients, moisture and ultimately resulted in production of thicker stalks. The basal diameter of the plants decreased with narrower spacing and the minimum was noted in 15 cm x 5 cm of spacing. Similar results were reported by Grabowska and Koziara (2005) .
Green Biomass
The results indicated significant differences in green biomass yield of sunhemp due to different spacing conditions during both the years (Table 6 ). The maximum green biomass yield was obtained with the spacing of 15 cm x 10 cm. followed by spacing of 20 cm x 10 cm. The minimum green biomass of sunnhemp was noted under the influence of broadcasting method of sowing being at par with that of 25 cm x 10 cm. The increase in green biomass yield of crop sown at a spacing of 15 cm x 10 cm was found to the tune of 22.1 and 25.8 % over broadcasting method of sowing in 2008-09 and 2009-10, respectively. The higher yield of green biomass under the spacing of 15 cm x 10 cm might be attributed to more number of plants per unit urea under this treatment.
Fibre and Stick Yield
The variation in fibre yield of sunnhemp was significant due to different planting geometry during both the years (Table 6 ). Sowing of sunnhemp at the spacing of 15 cm x 10 cm produced significantly higher fibre ( The perusal of data on plant height indicated significant variation due to time of harvest (Table 7) . The highest plant height of sunnhemp was obtained with the crop harvested at 120 days after sowing which was at par with harvesting at 90, 100 and 110 days after sowing during both the years. The lowest plant height was noted with the crop harvested at 80 days after sowing. The increase in plant height may be attributed to longer growing period available to the plants. 
Basal Diameter
The data recorded from the sunnhemp crop indicated that basal diameter increased when the harvesting was delayed during both the years (Table 7 ). Though the variation among different treatments were non-significant. The maximum basal diameter was noticed with the plants harvested at 120 days after sowing whereas it was lowest www.ccsenet.org/jas Journal of Agricultural Science Vol. 5, No. 3; 2013 in the crop harvested at 80 days after sowing. The reduction in basal diameter of plants harvested at 80 days after sowing may be attributed to availability of less time for their growth and development.
Green Biomass
The time of harvesting significantly influenced the green biomass yield of sunnhemp during both the years (Table  7) . Crop harvested at 120 days after sowing recorded maximum green biomass yield but was statistically at par with the biomass yield of crop harvested at 90, 100 and 110 days after sowing. The lowest values of green biomass yield were observed in the crop harvested at 80 days after sowing. The lesser amount of green biomass under this treatment might be due to reduction in plant height and basal diameter resulting into poor growth and development of crop.
Fibre and Stick Yield
The effect of time of harvest was found significant with respect to fibre and stick yield of sunnhemp during both the years (Table 7) . It is clear from the data that harvesting at 120 days after sowing recorded highest fibre and stick yield but was not significantly superior to the yield of crop harvested at 90, 100 and 110 days after sowing. The variation in fibre yield of crop due to time of harvesting was noted to the tune of 33.0 and 37.9% between 80 and 120 days of harvesting during 2008-09 and 2009-10. The higher values of fibre and stick yield were probably owing to better plant height, increased basal diameter and more green biomass. The lowest fibre and stick yield was recorded with the crop harvested at 80 days after sowing. The reduction in fibre yield of crop harvested at 80 days after sowing may be attributed to availability of lesser time span for the development of fibre in bark of plants.
Experiment-4
It is evident from the data recorded over two years that variations among different treatments were non-significant (Table 8) . From the data it was noticed that sunnhemp crop sown during summer season escapes most of the insect pest. The attack of insect pest was negligible due to which no significant differences were noted in plant height, basal diameter and fibre yield due to different treatments. This might be owing to high temperature, absence of cloudy weather and low humidity during summer season. The similar findings in summer crop of sunnhemp were reported by Sarkar et al. (1998) , Pradhan et al. (1999) , Sarkar and Tripathi (2003) and Ramasubramanian et al. (2010) . 
Conclusion
From the present study it is clear that sowing of sunnhemp crop for fibre purpose during 2 nd fortnight of April at the spacing of 15 cm x 10 cm and harvesting at 90 days after sowing produced higher fibre yield. The summer season crop escaped from the attack of most of the pest and diseases besides allowing time for the transplanting of rice crop also. The results indicated that sunnhemp can be easily accommodated in prevailing rice-wheat cropping system during summer season.
